This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Imemauonal Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COO PERATION Treaty (PCT) 

(II) International Publication Number 
(43) International Publication Date: 



(51) International Patent Classification 6 : 
G06F 3/00, 15/16, 17/30 



AI 



(21) International Application Number: PCT7US97/I2848 

(22) International Filing Date: 31 July 1997 (31.07.97) 



(30) Priority Data: 
OS/691.852 



August 1996 (01.08.96) 



US 



(71) Applicant: IMMERSION HUMAN INTERFACE CORPORA- 
TION ( US/US]: 2158 Paragon Drive. San Jose. CA 95131 
(US ). 

(72) Inventors: ROSENBERG. Louis. B.; 849 Palomino Drive 
Plcasamon. CA 94566 (US). TAN. Sian. W.; 19V1 Wcsi 
Midiilefield Road #2, Mountain View. CA 94043 (US). 

(74) Agents: RIEGEL. James. R. e. al.: Hickman Bever & Weaver 
P.O. Box 61059, Palo Alto. CA 94306 (US).' 



WO 98/06024 

12 February 1998 (12.02.98) 



(81) Designated States: AU. CA-, CN, JP. MX. RU. European 



Published 

With international search report 
Before the expiration of the time limit for amending the 

iXl" ^ rePMi5ked ' n "* ~" «»* of 



(54) Title: METHOD AND APPARATUS FOR PROVIDING FORCE FEEDBACK 
(57) Abstract 



OVER a COMPUTER NETWORK 



An internet network force feedback svstcrn (10) which 
includes a server machine (18). a client machine (14) provided 
with the force feedback device (24), and one or more additional 
client machines (16) each of which may be provided with 
add.t.onal force feedback devices (26). The server machine 
is a computer or processor running TCP/IP server software and 
is connected to the Internet Client machine (14) runs internet 
browser software. The force feedback device (24) has sensors 
and actuators to monitor the input of the user and transmit the 

prov,de the force feedback sensations to the user 
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Method and Apparatus for Providing Force Fee.HhnrW O ver a C nmp n ,» M„»„^. 

Backgroun d of the Invention 

This invention relates genially to human/computer interfaces, and more particularly to 
human/computer interfaces with force feedback that can operate over a network. 

3 The Internet has, of late, become extremely popular. The origins of the Internet date back 

several decades to a U.S. government sponsored mjiitary/research/business wide area network 
(WAN) that was designed to remain operational even in the event of the catastrophe e o a major 
earthquake or a nuclear war. To accomplish this goal, robust protocols and systems were 
developed which allowed a geographical)/ distributed collection of computer systems to be 

■ connected as a WAN such that the loss of a particular computer, or group of computers, would 
not preclude the continued communication among the remaining computers. 

While the use of the Internet has been prevalent for many years now, its use has been 
homed by the arcane and difficult commands required to access the various computers on the 
network. To address this problem, a protocol known as the "World Wide Web" or "WWW" was 
developed to provide an easier and more user-friendly interface for the Internet. With the World 
Wide Web, an entity having a domain name creates a "web page" or "page" which can provide 
information and, to a limited degree, some interactivity. 

A computer user can "browse", i.e. navigate around, the V.-\7W by utilizing a suitable 

• TJZ™ Md 3 netWOrk gatCWay {e 8 ' " Intemet SerVice Provider < ISP )>- example, 
UUNET. America Online, and Global Village all provide Internet access. Currently the most 

popular web browser, known as the Netscape* Navigator®, is made by Netscape Corporation of 

Mountain View. California. The web browser allows a user to specify or search for a web page 

on the WWW, and then retrieves and displays web pages on the user's computer screen. 

The Intemet is based upon a transmission protoco! known as "Transm.ss.on Control 
Protocol/Internet Protocol" (or "TCP/IP" for short), which sends "packets" of data between a 
host machme. e.g. a server computer on the Intemet. and a client machine, e.g. a user s personal 
computer connected to the Intemet. Tne WWW is an Internet interface protocol which is 
supported by the same TCP/IP transmission protocol. Intranets are private networks based upon 
Intemet standards, and have become quite common for managing information and 
communions within an organization. Intranets, since they adhere to Intemet standards can 
often use the same web browser software and web server software as are used on the Intemet. 

A web page typically includes static images and text. The images and text are specified 
m a HyperText Mark-up Language" ("HTML") file that is sent from the web server to the client 
machine. This HTML file is parsed by the web browser ,n order to display the tex, and images 
on the display of the client machine. Other standardized languages or protocols are also being 
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developed for use with the Internet and the World Wide Web. For example, the Virtual Reality 
Modehng Language (VRML) is used to provide visual vtrtual 3-D environments and allow one or 
many users to navigate through and interact as "avatars" in such an environment, usin, a client 
computer system. 

The Internet and the WWW also permit sound data to be transmttted over the Internet 
For example, references to sound files can be embedded in HTML pages and can be played by 
the web browser. Data -packets" coded in TCP/IP format can also be sent from one Cent 
machme to another over the Internet to transmit sound data. This last-mentioned technique forms 
the basis for Internet telephony. 

While the transmission of visual images (both static and dynamic, i.e. video) text and 
sound over the Interna is well-known, the "transmission of other types of sensory data' has not 
been well explored. In patticular. the transmission of data over the Internet pertaining to the 
sense of touch and/or force has not been established. "Force feedback" allows a user to 
expenence or "feel" tactile sensations as provided through computational information Using 
computer-controlled actuators and sensors on a force feedback device, a variety of realistic 
sensattons can be modeled and experienced by the user. This useful and highly immersive 
sensory modality for interacting with the Internet has hereto been unavailable. 
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The present invention is related to the transmission of information pertaining to a subset of 
the sense of touch, i.e. the transmission of forces to a user over a computer network system The 
force feedback" provtded by the methods and apparatus of the present invent.on enhance the 
sensory expenence of the user to provide a ncher, more interesting, and more enjoyable experience. 

In a preferred method of the present invention for providing force feedback over a network a 
connection is first established between a server machine and a Cent machine. The client machine 
typtcally a persona, computer), has a visual display {e . g ., a computer video monitor) and a force 
feedback human/computer interface device. Examples of force feedback human/computer interfaces 
(hereafter 'Torce feedback devtces") include force feedback joysticks, mice, trackballs, steenng 
wheels and yokes. In some embodiments of the present invent.on. the force feedback device 
preferably constrains movement to two degrees of freedom to match a tw 0 -d,mensional conf.gurat.on 
of the vtsua, d, P ,ay. Three or more degrees of freedom of movement can be provided in other 
embedments. Next, the client machine receives from the server machine both screen display 
mformatton and force feedback informal that is related to the screen display information 
Preferably, the screen display information and force feedback information an; encoded in an HTML 
web page file. Files and data in other protocols or languages can also be used, such as VRML 
Next, the c-nt machine displays on the monitor an image generated from the screen display 
mformauon. The force feedback dev.ee provides a pointer event and/or a button event to the client 
with respect to the screen image, and a force feedback signal is computed based upon the detected 
events and the force feedback information stored on the Cent machine. Finally, a force feedback is ? 
prov,ded to a user by the force feedback device based upon the force feedback signal. 

comm Preferably K t f0rCC fCedbaCk d6ViCe " Pr ° Vided Whh a ,OCaJ Coprocessor which 
o_tes w.th the client machtne. Tbe force feedback dev.ee further includes sensors and 
actuators coupled to the local microprocessor such that the force feedback signal can take the form of 
a re,at.ve y high-level force feedback command. Tne .oca, microprocessor parses the force feedback 
command to control the actuators of the human/computer interface in a control loop with the sensors. 

Another preferred method of the present invention for providing force feedback over a 
network estabhshes a connection between a first computer and a second computer over a network 
The first computer includes a computer input device which develops a first computer input, and a 
•second computer includes a visua. display and a fonce feedback device for providing a second 
comp Ut ^ computer input ^ „ ^ ^ _ may „ ^ 

fe dback dev.ee. A screen image is displayed on the monitor of the second computer that is 
assorted w,th stored force feedback information. A computer input is received from the first 
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computer over the network, and a force feedback signal, based on the stored force feedback 
mformat.on and upon at leas, one of the firs, computer input and the second computer input is 
determined. Finally, a force feedback is provided with the force feedback device in response to the 
force feedback s.gnal such that it is correlated with the screen image on the second computer. 

A preferred method of the present .nvention for providing force feedback over a network 
suppomng TCP/IP protocols includes: (a) sending a connection request from a client computer over 
a network supporting TCP/IP pro,ocols to a web server connected to the network that is host.ng a 
des,red URL; (b) receiving, parsing, and interpreting {i.e. "processing") an HTML file a, the client 
computer una, was sent from the web server in response to the connection request, wherein the 
processmg mcludes parsing an embedded force object reference having associated parameters and 
bu.Id.ng a force object tha, is specified by 'the force objec, reference and me parameters- (c) 
developing a force feedback signal from the force object: and (d) providing force feedback to a user 
of the force feedback device coupled to the client computer in response to the force feedback signal 
Preferably, the HTML file is a web page of the web server and the parsing is provided bv an' 
enhanced web browser. Even more preferably, the web browser is prov.ded with a software "plug- 
m" to a,d .n the processing of the embedded force object reference, the building of the force object, 
and the development of the force feedback signal. 

A network force feedback system in accordance with the present invent.on includes a 
network, a first computer coupled to the network, and a second computer coupled to the network 
where the second computer includes a visual display and a force feedback device capable of 
providing a second computer input to the second computer, and further being capable of providing 
force feedback to a user in response to a force feedback signal provided by the second computer 
Preferably, the force feedback device includes a local microprocessor that communicates with the 
second computer such that the force feedback signal can take the form of a relatively high-level force 
command. The second computer develops an image on the visual display that is correlated to stored 
feedback mformauon, such tha, the second computer produces the force feedback signaJ in response 
to at least one of information provided from the first computer and of the second computer input 
The first computer can either be a server computer or, like the second computer, another client 
computer coupled to me ne,work. The present invention therefore permi,s a computer user ,o 
experience force feedback over die network. 

In the network force feedback system, information pertaining to force feedback can be 
downloaded from a server computer to the second or "client" machine. Alternatively, force feedback 
s,gnals can be sent over the network between a first "client" machine and a second "client" machine 
on a peer-to-peer basis, or from a server to one or more peers in a server-to-peer basis. 

The present invention adds a new sensory modality when interacting with a networked 
computer system. More particularly, force information can be either downloaded to a client machine 
from a server machine connected to the network, or force information can be passed between two or 
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5 more diem machines on fe ne.wcrt. When r orce infonnaoon is downed from a server d,e 
torce feedback dev,ce on an essentially real-time basis In con.mc 
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Brief Des cription of the Drawing s 



Fig. I is a pictorial representation of the Internet, a web server machine, and two client 
machines; 

1 0 Fig. 2 is a block-diagram of a client machine used in the present invention; 

Fig. 3 is a block-diagram of a fore; feedback system in accordance with the present 
invention; 

Fig. 4a is a perspective view of a preferred human/computer interface ("force feedback 
device") of the present invention; 

1 5 Fig. 4b is a cross-sectional view taken along line 4b-4b of Fig. 4a; 

Fig. 5a is a perspective view of another preferred embodiment for a force feedback device in ' 
accordance with the present invention; 

Fig. 5b is a perspective view of a first alternate embodiment for the force feedback device of 

?ig- 5a; 

20 Fig. 5c is a perspective view of a second alternate embodiment of the force feedback device 

of Fig. 5a; 

Fig. 6 is a block diagram of a wide area network (WAN) based upon Internet TCP/IP 
protocol and supporting World Wide Web (WWW) HTML protocols in accordance with the present 
invention; 
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Fig. 7a is flow-diagram of a "Acquire URL" process in accordance with the present 
invention; 

Fig. 7b is an example of an HTML file of the present invention sent from a web server 
machine to a client machine; 

Fig. 8 is a flow-diagram of the "Parse and Interpret HTML Component" step of Fig. 7a; 
Fig. 9 is a flow-diagTam of the "Plug-in Interpret .IFF File" step of Fig. 8; 

Fig. 9a is an illustration of an image displayed on a visual display of a client computer as 
generated from a downloaded HTML web page file; and 

-6- 
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Fig^ lOisartow-diagrarnofa process for monuoring the "pointer state" of the force feedback 
device of the present invention. 
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Detailed Description of t he Preferred Embodiments 



In Fig. I, a network system 10 includes a wide area network (WAN) such as the Internet 12. 
and a number of computers or "machines- corpled to the Internet 12. For example, a first client 
machine 14. a second client machine 16, and a web server machine 18, are coupled to the Internet 
10 . 12. 

As noted previously, both the Internet 12 and Intranets operate using the same TCP/IP 
protocols. This allows Intranets to use similar or the same server machine software and client 
machine software as are used in Internet 12 applications. Therefore, it will be apparent to those 
skilled in the art that the following descriptions apply equally well to Internet, Intranet.' and other 
forms of network systems that are compatible with the processes and apparatus disclosed herein. 

The Internet 12 includes a number of nodes 20 that are interconnected by data transmission 
media 22. These nodes are typically routers, switches, and other intelligent data transmission 
apparatus which route "packets" of TCP/IP information to the desired destination. In some 
instances, the nodes 20 comprise an Internet service provider (ISP) 20a which allows a client 
machine to access the "backbone" of the Internet. Alternatively, client machines and web servers can 
be.coupled directly into the backbone of the Internet. 

As noted previously, the present invention is directed to the implementation of force feedback 
over a network, such as the Internet 12. To provide a user of a client machine with the experience of 
force feedback, force feedback human/computer interfaces (hereafter "force feedback devices"). 24 
and 26 can be provided as pan of the client machines 14 and 16. respectively. The client machines 
14 and 16 are typically provided with computer video monitors 28 and 30 (which is one example of a 
"visual display"), respectively, which can display images II and 12. respectively. Preferably, forces 
developed by force feedback devices 24 and 26 are correlated with the images II and 12 of the client 
machines 14 and 16, respectively. 

The machines 14-18 are considered, in the language of the Internet, to be "resources," and 
each has its own unique Uniform Resource locator or "URL." In one embodiment of the present 
invention, a client machine, such as client machine 14 or 16. sends a request for a "web page- 
residing on. for example, web server machine 18. This is accomplished by the client machine 
sending a connection request and a URL which specifies the address of the web page to the web 
server machine 18. The web server machine 18 then sends a web page 32 written in HTML format 
back to the requesting client machine where it is "cached" in the memory (typically the RAM, hard 
disk, or a combination of the two) of the client machine. In this embodiment of the invention, the 
image on the video display of the client machine is generated from the HTML web page file cached 
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5 on the client machine, and force feedback is provided to a user through the force feedback device as 
he manipulates a user manipulate object of the force feedback device. 

In another aspect of the present invention, a first client machine, such anient machine 14 
and a second client machine, such as client machine 16. directly communicate force feedback 
commands to each other i, standard TCP/IP protocol over the Internet .2. More part.cu.ariy, client 

10 mach.ne 14 can send force feedback and other information to the URL of the client machine .6 and 
thee en, machine 16 can send force feedback and other information in standard TCP/IP packets to 
the URL of thechent machine ,4. In this way. users of client machine .4 and client machine .6 can 
interact phys.cal.y over the Internet ,2. Of course, a server machine ,8 can .ikew.se directly 
commun.cate force feedback commands to a client mach.ne 1 2 or 14. or all three machines can 

15 interact. / 

In Fig. 2. a -personal" computer 34 architecture that can be used for client machine .4 or 
chent machme ,6 is shown in block diagram form. It should be noted that a varietv of machine 
arch.tectures can be used to access the Internet .2. /., can be used as "network access computer, » 
The pan.cu.ar architecture shown for the computer 34 is a typ.cal persona, or "PC computer 
-0 arch, ecture. such as that used with IBM compatible persona, computers. Web server machines can 
also have s.milar architectures, but are often more powerful computers known as "workstations" that 
operate under some variant of the UNIX* operating system. The Internet service providers 20a are 
hkew.se often UNIX-based computers or powerful persona, computers running Windows NT® The 
nodes 20 are most commonly routers built by Cisco Systems of San Jose. California. Client 
machme .4 or .6 can also talce other forms, such as a television including or connected to a 
nncrorprocessor for Internet access. Force feedback devices used with such client machines can be 
appropriate for the particular embodiment, e.g.. a TVremote contro. used for internet browsing on ' ? 
the abovement.oned television can include force feedback functionality. 

) CI K ? C rr al COmPUtEr SyS,Cm ^ indUdeS 2 micr °P roce — 36 clocked by a svstem Cock 
CLK and wh.ch .s coupled to a h.gh speed or memory bus 38 and to a lower spe,d or L'O bus 40 
The system RAM 42 and ROM 44 are typically coupled to the high speed memory bus, while various 
penpherals. such as the video display, hard disk drive. Internet interface (often either a modem or an 
Ethernet connection), and force feedback device, are typ.ca.ly coupled to the slower I/O bus The 
m.croprocessor executes programs stored in the various memories (RAM. ROM, hard disk etc ) of 
the personal computer 34 to control, for example, the image disp.ay on the video display' and the 
forces proved by the force feedback device. The manufacture and use of persona, combers, such 
as personal computer 34, are well-known to those skilled in the art. 

In Fig. 3. a client machine 46 in accordance with the present invention includes a personal 
computer svstem 48 and a force feedback human/computer interface or "force feedback dele" 50 
A user 52 can receive visua. information 54 and auditory information 56 from the persona, computer 
48 and can mampulate the force feedback device 50 as indicated at 58a and 58b to provide input 
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e.g., to command a cursor location on a visual display or other provide other control information In 
add.Lon, the user 52 can receive force feedback 60 from the force feedback device 50 to represent 
physical "feel" sensations. 

The personal computer system 48 includes the microprocessor 36, the svstem clock 6? a 
vdeo monitor 64 (which is one type of "v.sual display"), and an audio device 66. The system clock 
62, as expiamed previously, provides a system clock signal CLK to the microprocessor 36 and to 
other components of the personal computer system 48. The display dev.ce 64 and the audio output 
device 66 are typically coupled to the VO bus 40 (not shown in this figure). 

In this preferred embodiment, the force feedback device 50 preferably includes a local 
microprocessor 68, a local clock 70, optional local memory 71 for the local microprocessor 68 a 
sensor , menace 72, sensors 74, a user manipulatable object 76. "other" input interface 78 'an 
actuator interface 80. a safety switch 82, and actuators 84 which provide a force F to the object 76 
and an optional power supply 86-to provide power for the actuator interface 80 and actuator 84. 

The microprocessor 36 of the personal computer system 48 is coupled for communicat.on 
w,* the local microprocessor 68 of the force feedback device 50. This communication coupling can 
be through a serial port coupling 88 to the personal computer system, or through a game port- 
coupling 90 to the personal computer system. Virtually all personal computer systems built to the 
PC/AT Standards Wili include a se " al P°" ™d a game port. As noted, the senal port will permit 
two-way communication between microprocessor 36 and microprocessor 38, and thus is preferable 
over the game port coupling which only permits one-way communicadon from the local processor 68 
to the microprocessor 36. In consequence, a serial port connection between the personal computer 
system 48 and the force feedback device 50 will permit force feedback commands to be sent from the 
microprocessor 36 to the local microprocessor 68, while a game port connection alone will not be 
able to prov.de this function. However, some simpler forms of "reflex" type force feedback can still 
be prov,ded by the force feedback device 50 under the control of the local microprocessor 68 even if 
only a game port interface is used. It should also be noted that the microprocessor 36 and a local 
microprocessor 68 can communicate over both the serial port connection and the game port 
connect.cn to provide a greater communication bandwidth. A preferred serial port is the Universal 
Senal Bus (USB) of a personal computer, although an RS-232 serial bus. or other serial busses a 
parallel bus. an ethernet bus. or other types of interfaces or communication links can also be used. 

In use, the user 52 of the client machine 46 grasps the object 76 of the force feedback device 
50 and man.pulates (i.e. exerts a force to move or attempt to move) the object to cause a "pointer" 
■con to move in the image displayed by the display device 64. This pointer icon typically takes the 
form of a small arrow, a pointing hand, or the like. The sensor 75 senses the movement of the object 
76 and communicates the movement to the local microprocessor 68 through the sensor interface 72 
The local microprocessor 68 then communicates through serial port 88, game port 90. or both to the 
microprocessor 36 to cause the microprocessor 36 to create a corresponding movement of the pointer 
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5 icon on the image displayed upon the visual display 64 In som , , u^- 

cotnmun.cate directly to mi croprocessor 36 JLZ£J?^T^ ** ^ " * 
also create other input, such as a "button dick " through ™ c ">P«*es SO r 68. The user can 

■0 force ZZZZTZZ dCV ' Ce M >S '" P0Si ' i0 " (W *« — • — 
microprocessor S 8 tCZST« C T" ^ ~ » fc 

f =odbac k cororoand Md sends ^ , 0 ~ 6 8 parses «, f orce 

creare forces P o„ oojec 76. which aro eapeneoeed * a" ""^ " " 

swirt 82. someriroes referrod ,o as a "dead,™ swi,ch" IcT h " " ^ 

« » if. for eaarop,e. ,e oser 52 is no ^ *T * «— 

-ie, :: 2 :r*r h • - — «*« *• 

device 50aalsoi„e, u desapairo fli „earvoi«e d ^ J ° >S ' iCk) ?2 ' ThC <™ 
» W - ^ora aod acraL. .Z^T^ tT d " T " " "~ 
«rparalesensors(„o.show„)canbe,K,H -n. USed ° nly K actual » s - "d 

by a nrs, ,i„ k 98 md II ^ L »;°' Ce COi ' 94 " c ° up,ed 10 ,te staft 90 » f «<*» «• 

t«. is coop,ed ,o rhe j££Z ^ 1^ " " ^ ' *" '«■ - ' « 
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coil layouts, etc. In addition, other types of actuators can be used instead of or in addition to voice 
cods in force feedback device 50, such as DC motors, brakes, pneumatic actuators, etc. 

In Fig. 5a, an alternate embodiment of a force feedback device 50b is illustrated The force 
feedback device 50b has many points of similarity with the force feedback device 50a. with like 
reference numerals referring to like elements. The force feedback device 50b includes the user 
mampulatable object 76a. the shaft 90. the ball knob 92. and the voice coils 94 and 96 However 
the links of the force feedback device 50a have been replaced bv flexure members More 
parttcularly. the links 98 and 100 of force feedback device 50a have been replaced bv a rigid 
connector 132 and a flexible member 134 (collectively comprising a "flexure member"), and'the links 
106 and 108 of the force feedback device 50a have been replaced by a connector member 136 and a 
flex,ble member 138 (also collectively composing a flexure member). The connector 1 32 is ngidly is 
attached to the plate 130 at the end of the armature of the voice coil 94 and is ngidly attached to an 
end of the flexible member 1 34. The other end of the flexible member 1 34 is attached to a base 1 40 
wh.ch, ,n turn, is rigidly attached to the shaft 90 of the object 76a. Similarly, the connector 136 is 
attached to a plate of an armature of voice coil 96 at one of its ends, and is attached to the flexible 
member 1 38 at the other of its ends. The remaining end of flexible member 1 38 is rigidly attached to 
the base 140. 

The flexible members 134 and 138 serve the same functions as the links of the force feedback 
dev.ce 50a described previously. As the object 76a is moved back and forth along an x-y plane, the 
flexible member 1 34 can move in and out of the voice coil housings 94 and 96. respectively, and can 
bend to accommodate angular movement with respect to the x and y axis. This permits the 
connectors 132 and 136 to move back and forth within the voice coils 94 and 96, respectively 

In Fig. 5b, an alternative user manipuiatable object 76a takes the form of a stylus 142 which 
can engage an aperture 144 in an alternate base 140\ The alternative base 140' can be coupled to 
the flexible members 134 and 138 of the embodiment of Fig. 5a. Alternatively, the tip of stylus 142 
can be rigidly or rotatably attached to alternative base 140' with, for example, a ball joint or other 
joint or fastener. 

In Fig. 5c, another alternative base 140" is provided with an enlarged aperture 144* which 
can be engaged by the tip of a finger 146 of the user. The base 140" then becomes the user 
mampulatable object 76c. As before, the base 140" is coupled the flexible members 134 and 138 of 
35 the first feedback device 50b of Fig. 5a. 

The embodiments of figures 5b and 5c illustrate two of a range of equ.valent user 
mampulatable objects suitable for the present invention. It should be apparent to those skilled in the 
art that these alternative objects 76b of Fig. 5b and 76c of Fig. 5c can equally well be used with other 
force feedback devices, such as the force feedback device 50a illustrated in Fig. 4a. 
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information to the other client machine. For example, a process on the client machme 16 can send 
force feedback informatton over a TCP/IP Interne, connection to the client machine 14. which will 
then generate a force feedback command to the force feedback device 24. When the user reacts to the 
force feedback at force feedback device 24. this information can be sent from client machine 14 to 
client machme 16 to provide force feedback to the user on force feedback device 26. 

In Fig. 7a, a flow diagram illustrates an "acquire URL" process 146 runnins on a client 
machme, such as client machine 14 or client machine 16. This process 146 is preferably 
.mplemented using a standard Internet browser with a "plug-in" extension which permit the handling 
of force feedback commands. A preferred browser software is Netscape Navigator* software 
available from Netscape Corporation of Mountain View, California. The plug-in software is a 
proprietary extension of the web browser software, where this proprietary extension was developed 
by the Applicant of the present application. 

The process 146 begins at 148 and. in a step 1 50. a connection request is sent to the "host" of 
the des,red URL. The host, in this example, is a server machine 18 and the desired URL is the URL 
of the desired web page residing on the server machine 18, the web page including force feedback 
commands. Alternatively, the desired web page can reside on another server or resource and be 
retrieved by server machine 18. In response to the connection request of step 150 the server - 
machme 18 sends the HTML file representing the web page over the Internet to be received by the 
client machine. The HTML file includes a number of "components" which are typically commands 
command fragments, instructions, and data which permit the display of the web page and other web 
browser functionality. In a step 1 54, and an HTML component is obtained. If this component is the 
end of file ("eof"), a step 156 detects that fact and the process is completed at 158. Otherwise the 
HTML component is parsed and interpreted at a step 1 60 and process control is returned at step 154. 

It should be noted that most web browser software will start parsing and interpreting </ e 
processing) the HTML components even before the entire HTML file is received at the client 
machme. Alternatively, the entire HTML file can be received before the processing begins. 

In Fig. 7b, an example of an HTML web page 32. sent from a web server machine 18 to a 
cl.ent machine (such as client machine 14 or 16) over the Internet 12, is shown. The HTML file 32 
includes a number of "components" which are parsed and interpreted as previously described. An 
HTML file begins with a <HTML>command 162 to indicate the start of the HTML file, and a 
<BODY> command 164 to indicate that the body of the HTML file is beginning. Then, an arbitrary 
number of HTML commands 166 are provided to. for example, display images of the web page on 
the video display of the client machine. A <CENTER> command 168 will cause a centering of 
following objects with respect to the browser window on the video display of the client machine 
Next, an <EMBED ...> command 170 of the present invention defines a force button object that will 
be displayed on the client machine. Since the <CENTER> command 168 was given just prior to the 
<EMBED ...> command, this "force button" will be centered in the displayed browser window 
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The present invention also provides for programmability of the embedded force feedback 
object. An example of this programmability is shown at 198. This optional programmable command 
can be mserted into the EMBED command 170 and can include, for example, an iterative loop. In 
l.ne 200, a "FOR" command initializes a counter i to 0. indicates that the counter I is- incremented by 
one per each pass through the loop, and it indicates that the loop should be completed five times, i.e. 
while i<5. The body of the loop includes a command line 202 which indicates that a force feedback 
"vibrate" with associated parameters should be evoked, and a line 204 indicates that a 5 second wait 
should be provided after the vibration has occurred. This step will repeat five times, i.e. the 
command 198 will cause five vibration sequences separated by four 5 second pauses, and followed 
by a final 5 second pause. By providing programmability to the force feedback object, force 
feedback effects based upon past events and upon a complex interaction of factors can be provided. 

In Fig. 8, the "Parse And Interpret HTML Component" or simply "Process HTML 
Component" step 160 of Fig. 7a is illustrated in greater detail. In Fig. 8, process 1 60 begins at 206 
and, in a step 208, it is determined whether there is an embedded "tag" for a force object, e.g. a tag 
having an .IFF reference. An example of the embedded tag is shown at the EMBED command 170 
of Fig. 7b. If there is such a tag, step 210 uses the plug-in software of the present invention to 
mterpret the .IFF file, and the process is completed at 212. Otherwise, another tvpe of HTML 
command has been encountered, and the standard web browser parser and interpreter'processes this 
HTML component in a step 2 14, after which the process is completed at 212. 

In Fig. 9, the step 210 Plug-In Interprets .IFF File" of Fig. 8 is desenbed in greater detail. 
Process 210 begins at 216, and in a step 218, a "framework" is created for the force object. The 
framework provides a panicular set of generic features to .mplement the specified force object, and 
preferably includes no specific parameters or functions for the force object. Next, in a step 220. the 
name/value P a.rs are parsed and. in a step 222. the force object is built upon this framework based 
upon the name/value pairs. A name/value pair includes the name of a component and its associated 
parameters. For example, one name might be "BUTTONSTATE" and its value (or parameter) might 
be "UP" (or "UNSELECTED"). The process 210 is completed at 224. 

In Fig. 9a, an image 226 to be displayed on a screen of a video monitor or other visual 
display is illustrated. More specifically, image 226 can be generated by the popular Netscape 
Nav.gator® web browser. The image 226 includes a window 228 including a header portion 230 and 
a body portion 232. The header portion 230 includes a number of navigation buttons 234 and special 
purpose buttons 236 for purposes well-known to those familiar with the Netscape Navigator web 
browser. In addition, the header portion 230 displays the URL of the currently displayed web page 
at 238. In this instance, the URL is "http://www.immerse.com/demo." The images displaved within 
the body portion 232 of the window 228 are created by the aforementioned processing of the HTML 
40 file by the web browser. 
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The area within the body portion 232 has been provided with a number of regions and 
buttons to .Huso-ate some of the concepts of the present invention. The force feedback device 
controls the position of a pointer icon 240 which can be caused to interact with the various regions 
and buttons. As an example, when the force feedback device is manipulated bv the user to cause the 
pointer icon 240 to move within a "texture" region 242. force feedback commands can be created for 
the force feedback device to provide a desired "texture" to the force feedback device. For example 
the texture can feel "rough" to the user by causing the force feedback device to place forces on the 
user mampulatable object that emulate a rough or bumpy surface. In a region 244, a "viscosity- 
force feedback can be provided. With this form of force feedback, as the pointer icon is moved 
through field 244. a viscous "drag" force is emulated on the user manipulatable object In a region 
246, menial forces can be felt. Therefore ( ( a pointer icon being moved through an "inertia" region 
would require relatively little or no force to 'move in a straight line, but would require ereater forces 
to accelerate m a new direction or to be stopped. The inertial force sensations can be applied to the 
user manipulatable object and felt by the user. In a "keep out" region 248. the pointer image is 
prevented from entering the region. This is accomplished by creating a repulsive force on the user 
mampulatable object using a force feedback command to the force feedback dev.ee which prevents or 
■nh.bits the user from moving the user manipulatable object in a direction of the region 248 when the 
pointer ,con 240 contacts the periphery of the region 248. In contrast, a "snap-in" reeion 250 will 
pull a pointer icon 240 to a center 252 whenever the pointer icon engages the periphery of the snap-in 
reg.on 250 and apply a corresponding attractive force on the user manipulatable object A "spring" 
reg.on 243 emulates a spring function such that a pointer icon moving into the spring region 
compresses" a spring, which exerts a spring force on the user manipulatable object which opposes 
the movement of the pointer icon. A region 256 is a "Force To Left" reg.on where the pointer icon 
vvthm the reg.cn 256 is forced to the left side of the region and the user manipulatable object is - 
forced .n a corresponding direct.on as if influenced by some invisible magnetic force or gravitational 
force. A reg.on 258 illustrates that regions can be of any size or shape and that within a reg.on 
different force effects can be developed. In this example, within region 258 there is a texture core 
260 surrounded by a vibration ring 262. Therefore, as the pointer icon 240 moves into the region 
258, the user first experiences vibration from the ring 262. and then experiences a texture as the 
pointer icon moves within the core 260. 

The exemplary force feedback web page of Fig. 9a is also provided with several force 
feedback buttons. In a first button 264. the placement of the pointer icon 240 over the button and the 
pressing of a button (/.*.. a switch) on the force feedback device to create a "button click" "button 
down . or simply a "button event" input, will then cause a "buzz" command to be sent to the force 
feedback device. The buzz command would, for example, cause a vibration force on the user 
mampulatable object. Similarly, the selection of the "jolt" button 266 will cause a jolting force (e g 
a short-duration pulse of force) to be provided at the force feedback device, and the pressing of the' 
detent" button 268 will cause a "detent" to be created for the force feedback device. By "detent" it is 
meant that the user manipulatable object will be controlled by the force feedback actuators such that it 
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feels as if a mechanical-type detent exists at the position that the user manipulatable object was in 
when the detent button 268 was activated. 

In Fig. 10, a process 270 of the plug-in software of the present invention is illustrated. The 
process 270 begins at 272 and, in a step 274, the position and button state of the force feedback 
device is monitored. Next, in a step 276, a force feedback command is created in response to the 
detected position and state. Finally, a command is sent to the Dynamically Linked Library' (DLL) to 
place a force feedback command on the interface which can be parsed and interpreted by the force 
feedback device. The process is then completed as indicated at 280. 

It should be noted that the force feedback driver (browser plug-in or DLL) can have the 
ability to interact with JAVA code. In this/' embodiment, the plug-in reads and executes JAVA 
commands using the browser's run-time JAVA interpreter. JAVA can optionally be used to make 
"aplets" which perform dynamic models, such as creating complex force feedback sensations. 

It should also be noted that the force feedback device itself can have a JAVA interpreting chip 
on board, pemutting the plug-in driver to download JAVA code to the force feedback device to be 
executed on the device. JAVA and JAVA interpreting chips are available under license from SUN 
Microcomputers of Mountain View, California. 

Furthermore, the force feedback driver (browser plug-in or DLL) can have the ability to 
interact with instructions provided in other languages besides HTML. For example, virtual reality 3- 
D graphical environments are increasingly being created and implemented over the World Wide Web 
and Internet using languages such as the Virtual Reality Modeling Language (VRML) and software 
such as Active X available from Microsoft Corporation. In these 3-D graphical environments, users 
may interact with programmed 3-D objects and constructs using client computer 14 or 16. and may 
also interact with 3-D graphical representations (or "avatars") controlled by other users over the 
World Wide Web/Internet from other client computers. Force feedback commands and parameters 
can be provided in the instructions or Hies of these other protocols and languages and received by a 
client computer system in an equivalent manner to that described above so that force feedback can be 
experienced in simulated 3-D space. For example, embedded force feedback routines can be 
included in the VRML data for a virtual environment so that when the user moves into a virtual wall, 
an obstruction force is generated on the user-manipulatable object. Or, when the user carries a virtual 
object in a controlled virtual glove, the user might feel a simulated weight of the virtual object on the 
user manipulatable object. In such an embodiment, the force feedback device preferably provides the 
user with three or more degrees of freedom of movement so that input in three dimensions can be 
provided to the client computer. 

While this invention has been described in terms of several preferred embodiments, there are 
alterations, permutations, and equivalents which fall within the scope of this invention. It should 
also be noted that there are may alternative ways of implementing both the process and apparatus of 
the present invention. It is therefore intended.^ the following appended claims be interpreted as 
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CLAIMS 

1 . A method for providing force feedback over a network comprising: \ 

establishing a connection between a server machine and a client machine over a network, said 
client machine including a visual display and a human/computer interface device having force 
feedback; 

receiving from said server machine over said network screen display information and force 
feedback information related to said screen display information; 

displaying on said visual display of/ said client machine a screen image based upon said 
screen display information; 

providing a pointer event with said human/computer interface device with respect to said 
screen image; 

computing a force feedback signal based upon said pointer event; and 

providing a force feedback with said human/computer interface device based upon said force- 
feedback signal that is correlated to said screen image on said visual display. 

2. A method for providing force feedback over a network as recited in claim 1 wherein 
said server machine is a web server, said client machine is a network access computer. 

3 . A method for providing force feedback over a network as recited in claim 2 wherein 
said web server and said network access computer communicate over said network using TCP/IP 
protocols. 



4. A method for providing force feedback over a network as recited in claim 2 wherein 
said pointer event is at least one of a pointer icon movement on said visual display with respect to 
said screen image and a button click of said human/computer interface device. 



5. A method for providing force feedback over a network as recited in claim 3 wherein 
said human/computer interface device has at least two degrees of freedom. 
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10. A method for providing force feedback over a network as recited in h • o , 

parsing on said client machine said HTML file and rr M ,;n„ „ -j , 
30 feedback object. g °" S3jd Client machine sa 'd force 



developing on said server machine an VRML file inclndinc 
35 and said force-feedback information. g ^ ^ ^ infon ™™ 
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12. A method for providing force feedback over a network as recited in claim 10 wherein 
said computing a force feedback signal includes: 

monitoring for a pointer event from said human/computer interface; and 

using said force feedback object and said pointer event to provide said force feedback signal. 

13. A method for providing force feedback over a network as recited in claim 1 . wherein 
said client machine is a first client machine, and further comprising a second client machine coupled 
to said network, said second client machine including a visual display and a. human/computer 
interface capable of providing a pointer event, said method further comprising: 

establishing a connection between said first client machine and said second client machine 
over said network; 

receiving at said first client machine second client information from said second client 
machine; 

computing a force feedback signal based upon said second client information; and 

providing a force feedback with said human/computer interface device based upon said force 
feedback signal. 

14. A method for providing force feedback over a network as recited in claim 13 wherein 
said server machine is a web server, said first client machine is a network access computer, said 
second client machine is a network access computer, and said web server, said first network access 
computer, and said second network access computer can communicate with said network using 
TCP/IP protocols. 

15. A method for providing force feedback over a network as recited in claim 14 wherein 
said pointer event is at least one of a pointer icon movement on said visual display of said first 
network access computer with respect to said screen image and a button click of a human/computer 
interface device of at least one of said first network access computer and said second network access 
computer. 

16. A method for providing force feedback over a network as recited in claim 1 5 wherein 
said human/computer interface devices of said first network access computer and said second 
network access computer each have at least two degrees of freedom. 
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17. A method for providing force feedback over a network as recited in claim 16 wherein 
sa.d human/computer interface devices each have exactly two degrees of freedom. 

18. A method for providing force feedback over a network as recited in claim 1 7 wherein 
10 satd human/computer interface devices each include a voice coil actuator for proline a, leas, a 

portion of said force feedback. 



/ 

19. A method for providing force feedback over a network comprising: " 
establishing a connection between a first computer and a second computer over a network 
where satd first computer includes a computer input device providmg a first computer input and 
where.n satd second computer includes a visual display and a human/computer interface device 
proving force-feedback in response to a force feedback signal and providing a second computer 

stor H Tl T Said m0n,t ° r ° f S£COnd C ° mPUter 3 SCree " imagC ** iS ***** < ed ^th 
stored force feedback information; 

receiving from said first computer over said netwk a first computer input associated with 
said screen image on said second computer; 

detemunmg said force feedback signal based upon said stored force feedback information 
and at least one of said firs, computer input and said second computer input; and 

force feeTt" 8 " ^7 ^ ^ hmnk ^ device in response to sa.d 

force feedback s.gnal that ,s cotre.ated to said screen ,mage on said second computer. 

said firsTco A , me,h °,? f T Viding f0rCC feCdbaCk ° VCr 3 nCtWOrk " rcCked h C,aim 19 herein 
^olb ^ SeC ° nd COmPUtCr COmmUniCate 0ver said network us.ng TCP/IP 



21. A method for providing force feedback over a network as recited in claim 19 wherein 
rondtmVur neCtl0n * ^ ^ fifSt COm P uter and «* 
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5 22. A method for providing force feedback over a network as recited in claim 1 9 wherein 

said first computer input and said second computer input comprise a pointer event including at least 
one of a pointer movement and a button click. 



23 . A method for providing force feedback over a network supporting TCP/IP protocols 
10 comprising: 

sending from a client computer over a network supporting TCP/IP protocols a connection 
request to a web server connected to said network that is hosting a desired URL; 

receiving and parsing an HTML file at said client computer that was sent from said web 
server in response to said connection request wherein said parsing {..eludes parsing a Q . embedded 
1 5 force object reference having associated parameters and building a force object as specified by said 
force object reference and said associated parameters: 

developing a force feedback signal with said force object; and 

providing force feedback to a human/computer interface device coupled to said client 
computer in response to said force feedback signal. 
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24. A method for providing force feedback over a network supporting TCP/IP protocols 
as recited in claim 23 wherein said HTML file comprises a web page of said web server. 

25. A method for providing force feedback over a network supporting TCP/IP protocols 
as recited in claim 24 wherein a network browser is provided on said client computer to perform said 
parsing and developing said force feedback signal. 



A method for providing force feedback over a network supporting TCP/IP protocols 
as recited in claim 25 wherein said network browser is provided with a plug-in to aid in the paising 
of said embedded force object reference, building said force object, and developing said force 
feedback signal. 
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27. A method for providing force feedback over a network supporting TCP/IP protocols 
as recited in claim 26 wherein said human/computer interface device is provided with a local 
microprocessor that communicates with said client computer, and wherein said force feedback signal 
is a force feedback command sent from said client computer to said human/computer interface device. 
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28. A method for providing force feedback over a network supporting TCP/IP protocols 
as rented in clam 27 wherein said local microprocessor can interpret JAVA instructions sent from 
said client computer. 



10 29. A method forproviding force feedback over a network supporting TCP/IP protocols 

as recited in claim 27 wherein said human/computer interface device mcludes actuators and sensors 
and further comprising: 

parsing on said local microprocessor said force feedback command to control said actuators 
. in a feedback loop with said sensors. / 



15 



20 



25 



30 



30 



A networked force feedback system comprising: 
a network; 



a first computer coupled to said network: and 

a second computer coupled to said network, said second computer including a visual displav 
and a human/computer interface device capable of providing a second computer inpu, and capable of 
proving force feedback in response to a force feedback s.gnal provide, by .aid second computer 
a,d second computer devebping an image on said visual display mat is associated with stored 
feedback mfon.at.on, wherein said second computer produces said force feedback signal in response 
at least one of information derived from said first computer and of said second computer input ■ 



31. 



A networked force feedback system as recited in claim 30 wherein said first computer 
a server computer, said second computer is a network access computer, and wherein said 
_ derived from said first computer includes screen display information and force feedback 
mformauon related to said screen display information. 



derivedLsafd"^ *" 

^z:r:zi :r r r sem from the server — to - — — ~ 



35 derived from sat 7°"" ^ ^ ^ " ^ * 3> «* "«>™™ 

tr^^r" ,s sem from ,he server computer to - — * — — ~ 
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34. A networked force feedback system as recited in claim 30 wherein both said first 
computer and said second computer arc network access computers which communicate over said 
network using TCP/IP protocols. " 



35. A networked force feedback system as recited in claim 34 wherein said information 
derived from said first computer includes information that affects the force feedback signal. 



36. A networked force feedback /ystem as recited in claim 35 wherein said information 
derived from said first computer and said second computer input both compnse at least one of a 
pointer icon position input and a button click input. 



37. A networked force feedback system as recited in claim 30 wherein said 
human/computer interface device coupled to said second computer includes a local microprocessor 
that communicates with said second computer, a plurality of actuators for providing a force feedback.- 
and a plurality of sensors for sensing positions of said human/computer interface device. 



38. A networked force feedback system as recited in claim 37 wherein said 
human/computer interface device coupled to said second computer includes a base for receiving input 
from said user, said base being movable in two linear degrees of freedom. 



39. A networked force feedback system as recited in claim 38 wherein said base is 
receptive to a finger of said user for manipulating said base in said two linear degrees of freedom. 



40. A networked force feedback system as recked in claim 38 wherein said base is 
receptive to a stylus for manipulating said base in said two linear degrees of freedom. 



41. A networked force feedback system as recited in claim 37 wherein said force feedback 
signal includes a force feedback command that can be parsed by said local microprocessor such that 
said microprocessor can control said actuators in response to said force feedback command in a 
control loop with said sensors. 
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42. A networked force feedback system comprising: 
network means; 

first computer means coupled to said network means; and 

second computer means coupled to said network means said Wn „H 
"-eluding visual display and ^computer interface nJTsTd „ ""^ 
including means for displavin, an ™ T C ° mpUtCr means 

m« for a„a, yzi „ g infonnaI|on se „, ^ J^Z^T" T ' 

over said „e„v„ rk means sM „ C ° mpU ' er means f '<™ to compter moans 

- «P~ .0 , -cas, one of Jd J^Z Z £LZ T ^ ^ inf ° TOa "°" 



™a, U a acrt~rjrr ^ " * **" « — * * «« — 
25 aoces S co mpu ,er ra ea„ s ,„, he L ofailHT S M r^ r0 ^ " 

— - A ::::= s r:;::;r rr tah - ta 

communicate over said network using TCP/IP protocols . * meanS which 

30 

one of a pointer icon position input and a button click input. ? """P"* 31 ^ 



-27- 



WO 98/06024 



PCT/US97/12848 



48. A networked force feedback system as recited in claim 42 wherein said 
human/computer means interface device coupled to said second computer means includes a local 
microprocessor means that communicates with said second computer means, a plurality of actuator 
means for providing a force feedback, and a plurality of sensor means for sensing positions of said 
human/computer means interface device. 



49 . A networked force feedback system as recited in claim 48 wherein said force feedback 
signal includes a force feedback command that can be parsed by said local microprocessor means 
such that said microprocessor means can control said actuator means in response to said force 
feedback command in a control loop with said sensor means. 
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